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(54) Method of marjufacturtng dissifflHar meiai transition pipe joint 

(57) A metliod of maoutacturing a largs-diameter dissifflilar metal transition pipe joint having a higti bonding strength 
is provided. A Gylindrical inner (12) and outer (13) layer members of a metal having iiigh detorrnation resistance and a 
eyiindrieal intermediate layer (14) member of metal hayins low deformation resistance are fitted together with the inter- 
mediate iayer member interposed betvyew the outer and inner layer members. The assembled composite pipe is sub- 
jected to hot rolling using a rotary rolling mill provided with three or four rolls to thereby fomi a clad pipe (17) in Which 
the layer members are bonded. A dissimilar metal transition pipe joint (17) is produced by leaving a portion of the outer 
or inner layer member at one and portion of the clad pipe with the remaining iayer members removed, and leaving a 
portion of the intermediate layer member at the other end portion of the clad pipe with the remaining iayer members 
removed, When a eombinaf ion of metals vi/hfeh produces an intermetallic compound in Ifis interfaces is employQd. tan- 
talum layers: are interposed among these layer members. 
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Description 

This invention relates to a method of manufacturing a dissimiiar metal transition pipe joint which is used to connect 
together tubular parts formed out of different kinds of metals. 

5 In nuclear facilities, there is conventionally employed a connection of pipes formed out of different metals, e.g. 

connection of a pipe of a high corrosion-resistant stainless steel or a nicKoi-bass alloy such as Inconel (name of a 
commercial product), and a pipe of pure zirconium or a zirconium alloy such as zircaioy (which will hereinafter be gen- 
erally called a zirconium materia!) or pure titanium or a titanium alloy such as TI-5%Ta (which will hereinafter be generally 
called a titanium material). Especially, the zirconium material and the titanium material have a high corrosion resistance 

10 and a very small thermal neutron absorption cross section, so that they are used as materials for a piping system in a 
strong acid liquid recovery apparatus, a nuclear reactor and the like. 

On the other hand, in a piping system for a plant in which cryogenic substances such as LNG (liquefied nitrogen 
gas), LPG (liquefied petroleum gas) and the like are used, there Is employed a connection of pipes formed out of different 
materials, such as a pipe of a stainless steel or a nickel-base alloy and a pipe of aluminum or an aluminum alloy. 

75 In order to meet the severe using condition of such a connection of pipes of different materials, improvements have 

been mads on methods for connecting different kinds of metals. For example, methods for connecting pipes of different 
materials using a clad bonding method or a diffusion bonding method have been proposed in place of mechanical 
connecting methods using a flange joint or a screw joint. Regarding the clad bonding method, an explosive cladding 
method was proposed in Japanese Patent Publication NO: 4-71 636 (1992), and, regarding the diffusion bonding method, 

so a rolling diffusion bonding method vras proposed in Japanese Patent Publication No. 6-9749 (1994) fiiedby the inventors 
of the present invention. 

The lormer methOGi, i.e. the explosive cladding method (Japanese Patent Publication No. 4-71 636) is a method 
comprising the steps of producinga doubie pipe by an explcsiveeiadding operation, and then exp!osive<ladding:another 
metal pipe to this double pipe to obtain a triple clad pipe. Tfiere is another method of this tcindi in which three kinds of 

ss pipes, for example, pipes of Zr, Ta and SUS are fitted one in another in three ia^rei^ with clearances left thereamong, 
and the resultant product is bonded together by exptosive qladding at once to obtain a trpie clad pipe. In these explosive 
cladding methods, a large-scale apparatus and a large place in which the methods are jsractieed are required, and the 
productivity becomes low. Since an explosive Glaefctihg metttdd is a pfoGessirig method causing rnalertais to be locally 
defonnned to a eonsiderable degree, the seieefion of the rinaterials to be combined is limited greatly, and cladding of the 

30 materials having greatly different deformation resistances is difficult. 

In order to solve the problems in. the explosive claddinS method, tWp of the inventors of the present invention pro- 
posed the rolling difluston bonding metfiod (Japanese Patent Publication No. 6-^9749). in this rolting diffusirai: bonding 
method, a dissimilai' metal transition jointof a stainless steel or a nickel-base alloy and a zirconium material or a titanium 
material is mahufaistured. Namely, an inner layer member havingai circular cross-section 

35 a zirconium material or a titanium material is fitted in a tubular outer layer mmiber fprrned of, for example, a stainless 
steel or a hickei-base alloy, with a tantalum layer interisosed between the iriner and outer layer merribers, to obtain a 
composite material. The resultant eomppsite material havihg two fitted layer members is diffusion-bonded by hot rolling 
tofpnii a diffusion-bonded clad rixl.Theni the outer layer member and the tantalum layer are removed atone end portion 
of the clad rod, and the inner layer member and the tantalum layer are removed at the other end portion of the clad rod 

^ to obtain a dissimilar metal transition joint. Since this method is a rolling method, the dissimilar metal transition joint can 
bo manufactured easily with a high productivity. However, in order to mianufacture a dissimilar metal transition joint 
having a large outer diameter, for example, not less than 60 mm, il is difficult in some cases to provide the two layer 
members with a bonding capability which is substantially equal to that of a dissimilar metal transition joint having a 
smaller outer diameter 

45 Namely when a solid composite material is rolled during the manufacture of a dissimilar metal transition joint having 
a large outer diameter, the compression stress occurring during a rolling operation is not imparted to a central portion 
of the inner layer member due to a largo sectional area of the inner Layer member in coi-nparison with that of the outer 
layer member Moreover, when the inner layer memberof the composite material is formed out of a metal the deformation 
resistance of which is lower than thatoftheouter layer member, ihe compression stress is not uniformly imparted to the 

so whole of the inner layer member. Forthese reasons, there are some cases where an excellent bonding capability of the 
inner and outer layer members is not obtained. Also in a composite material having a hollow inner layer member, the 
deformation resistance of the inner layer member Is lower than that of the outer layer member, so that the compression 
stress imparted to an interface therebetween lowers. This causes a force for bonding the inner and outer layer members 
with each other to lower. Under these circumstances^ it has been desired that a clad pipe of different materials having 

55 increased bonding capability can be manufactured without causing the post-rolling bonding strength of layer members 
to decrease even when a dissimilar metal transition pipe joint having a large diamieter is manufactured. 

The present invention has been developed in view of these facts, and an object thereof is to provide a method of 
manufacturing a large-diameter dissimiiar metal transition pipe joint having high bonding capability and bonding strength 
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by fitting outer and inner iayer members of a metal pipe having a high deformation resistance around and in the outer 
surface and inner surface of an intermediate layer member of a metal pipe having a low deformation resistanee, and 
roiling the resultant composite pipe. 

The invention according to ciaim 1 is a method of manufaGturing a dissimilar metal transition pipe joint both of axial 

S end portions of which comprise metal pipes formed out of different kinds of metals, characterized in that it comprises 
the steps of fitting together inner and outer layer members of a m.etal pipe of a high deformation resistance and an 
intermediate iayer member of a metai pipe of a low deformation resistance with the intermediate layer member interposed 
between the inner and outer layer members to thereby form a composite pipe; heating the composite pipe: rolling the 
heated composite pipe at an elongation ratio of 1 .05 to 1 .26 by using a rotary roiling mill provided with tliree or four rolls 

10 to thereby form a clad pips: leaving a portion of the outer or inner iayer member at one and portion of the clad pips with 
the remaining layer members removed; and leaving a portion of the intermediate layer member at the other end portion 
of the clad pipe wfth the remaining layer members removed 

The invention according to claim 2 is a method of claim 1 vshereift the inner and outer layer members are formed 
out of a stainless steel or a nicicel-base alloy, the intermediate layer member is formed out of aluminum or an aluminum 

1B ailoy, and the composite pipe is heated to 450 to 620 °C. 

The invention according to claim 3 is a method of manufacturing a dissinnilar metal transition pipe joint both of axial 
and portions of which comprise metal pipes formed out of different kinds of metals, charactBrized in that it cortiprises. 
the steps of fitting together inner and outer layer members of a metal pipe of a high deformation resistance and an 
intermediate layer memberof a metal pipe of a low defonriation resistance with the interrriediate layer member interposed 

20 between the inner and outer iayer members and with tantalum layers interposed between the inner and intermediate 
layer members and between the intermediate and outer layers members to thereby form a composite pipe: heating the 
composite pipe; rolling the heated composite pips at an elongation ratio of 1 .05 to 1 .'25 by using a rotary rolling mill 
provided with three or four rolls to thereby form a clad pipe; leaving a portion of the outer or inner iayer m;ember at one 
end portion of the eiad pipe with the remaining layer members removed; and leaving a portion of the ihtemiediatQ layei" 

25: member at tl-ie other end portipn of the clad pipe with the remaining layei- mefhbefs renhoved. 

The inv«3ntic«i according to ciairri 4 is a method of ciaim 3 wherein the inner and outer layer mernbers are formed 
out of a stainless steel or a niekel-base alloy, the intermediate layer member is formsd out of a izirconium material or a 
titanium material, and the eomposile pipe is healed to 80Q to 1200 "C. 

The invention accoixaing to claim 5 is a method of claim 1 , 2, 3 or 4 wrfieriein the metal pipe the oulef layer member 

30 has a ratio of a viaW thickness thereof to an outer diameter thereof of not moi'e than 0.08. 

In the method of claim 1, the metel pipes of ahigh deformatibn resistance are fitted arQund and in the outer surface 
and inner surfeice respectively of the intermediate laye^r member of the metal pipe of a iow deformation resistanee. 
Therefore, the compression sf rese occurring during the roiling of the composite pipe vi<xk$ not oniy oh the outer surface 
of the intermediate layer member but also on the inner surface thereof. Since the rdtaty rolling mill having three or four 

ss rolls is used in the pipe rolling operation, addftlve shearing stnaih is imparted oh the interfaces among the layermembers, 
whereby the bonding capability among the layer members can be improved. Owing fe these effeots, this behaviof of 
deformation of the intermediate layer member is restricted, and this layer member is dafonrted cross-sectionaliy uni- 
formly, the fores for bonding the Intermediate and outer layer members and the force for boriding the intermediate arid 
inner layer members increasing. If a mandrel is used during the rolling operation, isompressingi stress the level of which 

"ffi is substantially equal to that of the compression stress imparted to the outer surface of the intermediate layer member 
can be imparted to the inner surface thereof, so that the bonding capability among the layer members is improved. 

The method of claim 2 has, in addition to the feature of the invention of ciaim 1 . the feature that the inner and outer 
layer members are formed out of a stainless steel or a nickel-base alloy and the intermediate iayer member is formed 
out of aluminum or an aluminum alloy having a deformation resistance lowerthan that of the stainless steel or nickel-base 

^ alloy, whereby the compression stress is imparted to the intermediate layer member from the inner and outer surfaces 
thereof by the inner and outer layer members which comprise the same kind of metal to improve the bonding capability 
among the layer members. Since the healing tempsraiure is 450 to 620 °C, the intermediate layer memberof aluminum 
or aluminum alloy is not meited. 

The invention of claim 3 is preferable in the case where a combination of metals which produces an intermetailic 

$0 compound in the bonding interfaces is employed. The production of such an intermetailic compound is undesirable 
because it is brittle or has a low corrosion resistance, in the invention of ciaim 3, the three layer members are fitted 
together with the tantalum layer interposed between the irjlermediate and the outer layer .members and between the 
intermediate and inner layer members, to thereby prevent the production of the intermetailic compound in the bonding 
interfaces of the composite pipe. Thus the bonding capability among the layer members in the rolled clad pipe is ifti" 

55 proved. 

The method of claim 4 has, in addition to the feature of the invention of ciaim 3, the feature that the inner and outer 
iayer members are formed out of a stainless steel or a nickel-base alloy, the intermediate iayer member is formed out 
of the zirconium material or titanium material having a deformation resistance lower than that of the stainless steel or 
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nickel-base aiioy, and the tantalum layers are provided in the bonding interfaces of these layer members, whereby the 
compression stress is imparted to the intermediate layer member from the inner and outer surfaces thereof by the inner 
and outer layer members wbieh comprise the same Mnd of metai to improve the bonding capability among the layer 
members. Since the heating temperatuffe is 800 to 1200 "C, the intermetalfic compound of a tantaium-iron ortanta- 
s lum-nickel material which is brittle or has a low corrosion resistance is not produced in the bonding interfaces of these 
layer members. 

In the method of claim 5, a dissimilar metal transition pipe joint having a higher bonding capability among the layer 
members and a higher bonding strength of the pipe joint can be manufactured by assembling the composite pipe using 
the outer layer member having a ratio of the wall thickness thereof with respect to the outer diameterthereof of not more 
10 than 0.08. 

Preferred embod iments of the invention will now be describsdi by way of ej^rnjsle, with reference to the aceompa- 
nying drawings, of which; 

Fig. 1 is a sectipnar front elevation of a eomposits pipe in the first eriibddiment of the present invention; 

IS 

Fig, 2 is a partially cutamy view in side elevation of the composite pipe shown in Fig. 1 ; 
Fig, 3 is a sohernatic diagrarri shov/ing a rotary rolling mil! used in practicing the present invention; 
SO Fig. 4 is a f ripht eievatton talcen alwig the line I V-IV In Fig, 3;. 

Fig. 5 is a side elevation showing an angle of rol!-axis's inclination p in the rotary rolling miii shown in Fig. 3; 

Fig. 6 is a partially sectioned side elevation of a dissimilar metal transition pipe joint manufactured by the first emfaod- 
ss iment of the preser^t invention; 

Fig. 7 is a sectional front elevation of another composite pipe in the second emtxKiiment ot the present invention; 

Fig, 8 is a partially cutaway view in side elevation of the composite pipe shown in Fig, 7; 

30 

Fig. 9 is a schematic section: showing a method; of examining tlis boiding strength. i;s. shearing strength of a 
transition jaipe joint: and 

Fig. TO is front and side eleyatlQns showing the shape of a corrosion resistance test specimen for use iri fflarriining 
35 the corrosion resistance of a transition pipe joint 

Fig. 1 is a sectional front eievatton of a composite pipe andFig, 2 is a partially cutaway view in side elevaiion thereof 
in which a reference numeral ID denotes an assembled composite pipe fomned by fitting layer members logetlTer, This 
assembled composite pipe 10 comprises an inner cylindrical layer member 11 forrrted out of a stainless steel or a nick- 

'fo ehbase attoy, an intennediate cylindrical layer member 1 2 formed out of a zireonium material or a titanium material and 
fitted around an outer surface of the inner layer member 1 1 , an outer cylindrical layer member 13 formed out of a stainless 
steel or a nickel-base alloy and fitted around an outer surface of the intemnediate layer member 12, and tantalum layer 
14 of Ta foil and interposed between the respective interteces. Narrow clearances formed between the inner and outer 
layer members n, 13 in the assembled composite pipe 10 is made vacuous (not more than 1 x 10 Torr), and an 

4$ annular fid member 1 5 is then fitted to each of both end portions of the intermediate layer member 1 2 in the composite 
pipe 10 so as to seal the same clearances. The resultant composite pipe 10 is heated in a heating f urnace (not shown), 
and then sent to a rotary rolling mill. The reason why the narrow clearamces between the inner and outer layer members 
11 , 1 3 is made vacuous is to avoid the producticai of an oxide in the interfaces of these layer members when the composite 
pips 10 is heated. 

SO Fig. 3 is a schematic diagram showing a rotary rolling mill used in practicing the present invention, Fig. 4 is a front 

elevation tai^en along the line IV-IV in Fig, 3, and Fig, 5 is a side eievstion siiovving an angle of rcll-axis's inclination {5 
(which will hereinafter be called a feed angle). Fig, 3 is a sectionai view tai<.en along the !ine lil-ii! in Fig. 4. The rotary 
rolling miii 4 has three conical rolls 1.2,3 arranged aiong and around a pass line X-X, The three rolls 1 , 2, 3 are provided 
with gorges 1a, 2a, 3a in outlet side end portions thereof. Each of Snese roiis has a gradually decreasing di.ameter 

55 extending from the gorge toward the inlet side end portion of the roll and a gradually increasing diameter extending from 
the gorge toward the outlet side end portion of the roll. Thus these rolls have frusto-caiieal inlet surfaces 1 b, 2b, 3b and 
outlet surfaces ic, 2c, 3c. On the outlet surfaces 1c, 2c, 3c, a distance between them and the pass line: is set equal to 
that between the gorges and the pass line. 
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All of such conical rolls 1 , 2, 3 are arranged so that the inlet surfaces 1 b, 2b, 3b thereof are posftioned on the 
upstream side with respect to the direction of movement of the composite pipe 1 G, and intsrsections O (which wili here- 
inafter be referred to as roil setting centers) of axes Y-Y and planes including the gorges la, 2a, 3a are arranged on the 
same plane which falls at right angle with the pass line X-X of the composite pipe 1 0 and spaced at substantially regular 
5 intewals around the pass line X-X. The axis Y-Y of each roil 1 , 2, 3 crosses the pass line X-X of the composite pipe 1 0 
at a crossed axes angle of y (which will hereinafter be called a cross angle) so as to be inclined with respect to the pass 
tine. Thus, a front end portion of the axis Y-Y approaches the passlineX-X, and the front end portion of the axis Y-Y is 
inclined at a feed angle |J to the same side in the cireumf erentiai direetion of the composite pipe 1 0 as shown in Figs. 4 
and 5. The rolls 1 , 2, 3 are connected to a driving power source (not shown) and rotated in the same direction as shown 
'<? by arrows in Fig. 4. The heated composite pipe 10 pinched among the rolls 1 , 2, 3 is moved in its axial direction as it is 
rotated around the axis thereof. Namely, the composite pipe 10 is helically transferred. 

The composite pipe 10 is drawn at an outer surface portion thereof by roll bite portions A as shown in Fig, 3, while 
it is helically moved by the rolls 1, 2, 3, and pressing surfaces B of the composite pipe 10 is molded frusto-conically, the 
pipe 10 being then turned into a cylindrical clad pipe 18 having an outer diameter determined by the gorges and outlet 
?£ surfaces of the rolls. This rotary rolling mill 4 has three rolls as described above, a.nd a rotary' rolling mill having four rolls 
is also operated in the same manner as mentioned above. 

In the composite pips 10 formed by the above-described manufacturing steps, tantalum layers 14 are provided in 
an interface between the inner and intermediate layer members 11, 12 and in an interface between the intermediate 
and outer layer members 12,13 Since tfintalum minimizes the production of a noxious iniermetaiiic eompound between 
20 different metal materials, the provisions of ihe lantaium layers 14 serves to Improve the bonding strength among the 
layer members and corrosion resistance of ihe product pipe. 

The set conditions for the above-mentioned hot roiling will now be described. 

(1 ) A composite pipe is heated to a temperature in the range from SOO^C to 1200°C. 

ss 

(2) An elongation ratio (length L of the pipe measured after rolling/length Lq thereof rrieasy fed prior to rolling) is set 
to1.0S-1.25. 

the rsaisons for having determined these set CGhditibhs as mehtioned iabove will ii© deiscribed. First, the reason 
30 why the upper (irhit of the heating temperature is set to 1200'C is that, wtien the temperature exceeds ISOCC, an 
intermetaiiic compound of Ta^Fe or Ta-N( is forrried to cause a cxwpesjte pipe to Ije em The processing heat 
Occurs du ring a roiling Opetatipn in a rotary rolling mill used in Ihepi^sent invention, so that Ihe upper lirrift of^fiie heating 
temperature is set to 1200° C taking a temperature rise owing to the pFOcessing heat Into consideration. The reason why 
the lower limit of the heating ternperature is set to BGCG is to diffusion-bond the layer members at the interfaces thereof 
35 during the rolling of the pipe. When this temperature does not reach 800*C, the diffusion bonding of the layer members 
is adversely affected 

The elongation ratio smW now be described. When ULq exceeds 1.25, the assembled composite pipe 10 bulges 
among the roils 1 , 2, 3, and the cross-seGtional shape of the pips 10 being rolled becomes polygonal, t:e., triangular to 
pentagonal. In addition, a flaring phenomenon occurs, and the rollthg d the composite pips bscomes impossible. When 

45 L/Lj is lower than 1.05, the bonding capability and bonding strength of the interfaces of a clad pipe 16 decrease. 

The reasons why a rotary rolling method, not a groove rolling method, is used .as a hot rolling method in the present 
invention will be described. A groove rolling method for pipes is a method of carrying out a multi-pass rolling operation 
by properly arranged rolls having oval or round grooves, and the cross-sectional shape of the pipe being pressed in 
each pass becomes non-circular. Therefore, when a composite pipe formed by layer members of extremely different 

^ deformation resistances is rolled using the groove rolling method, an intermediate layer member stretches in the roiling 
direction, and the inner and outer layer members are deformed in the direction perpendicular to the roiling direction. 
Consequently, clearances occur between the inner and outer layer members and intermediate layer member of ihe pipe 
in each pass, and a clad pipe in which the layer members are perfectly bonded together cannot be obtained. 

For the above reasons, the present invention employs a rotary rolling method, an axialiy symmetrical processing 

so method, by which the composite pipe 10 is subjected to rotary roliingsothat she bonding strength of the layer members, 
which is insufficiently low in a pipe obtained by a conveniionai groove roiling rr.ethoa', can be increased to a satisfactorily 
high level. As a result, diffusion is promoted on the interfaces of the meials of the composite pipe 10 heated to 800 to 
1 200°C, and the diffusion bonding of the layer members becomes pcssibie. Even when a small amount of intermetaiiic 
compound is formed by this hot rotary roiling operation, the thickness of the layers of the intermetaiiic compound is 

55 reduced owing to the circumferential shearing strain exerted on the bonding interfaces of the layer members, so that a 
clad pipe 16 having a high layer member bonding capability can be manufactured. 

The reason why a i'otary rolling mill having three or lour conical roils is used resices in that, Vvtien a rotary rolling 
mill having two rolls is used, the cross-sectional shape of a composite pipe 10 becomes elliptic, and retaining a circular 



5 



EP 0695 598 A1 



cross-sectional shape during a roiiing operation becomes difficult. In arotary roiling mill having not less thsfi five roils, 
it is difficult for the mechanica! designing of the machine to select the bearings to be provicle(3 in a roll-retaining chock 

portion, so thai such a roiling mill is not practical. 

The rolling of a composite pipe 10 by using a rotaty roiling mill with three of four rolls may be done with the pipe 10 
5 supported on mandrel inserted in the hollow thereof, in this case, the outer diameter of the mandrel is preferably set a 
little larger, for example, 1-3 mm larger than the inner diameter of a clad pipe 16 which has been roiled without using a 
mandrel. 

From clad pipe 16 manufactured in this manner, the whole length of an inner layer member 11 is removed. At one 
end portion of this clad pipe, ail layer metnbers except an intermediate layer member 12 are removed, and, at the other 

iO end portion thereof, all layer members except an outer layer member 1 3are removed, to form a dissimilar metal transition 
pipe joint 17 as shown in Fig. 6. Both end portions of the dissimilar metal transition pipe joint 17 thus formed and two 
pipes Q, R of different materials are abutted at the layer members erf the same materia! against each other, and welded. 
Namely, for example, an outer layer member 13 c>f SUS^ of the dissimilar meta! transition pipe joint t7 and a right-side 
pipe R formed out of SUS are welded, and an intermediate pipe member 12 of Zr of the transition pipe joint 17 and a 

75 left-side pipe Q formed out of Zr. 

By welding two pipes Q, R of different materials to the members ot the corresponding materials of the transition 
pipe joint 1 7 at the abutted end portions thereof, a pipe Q of a zirconium material or a titanium material and a pipe R of 
a stainless steel or a nickel-base alloy can be connected together by a dissimilar metal transition pipe joint 17. In the 
above embodiment, a dissimiiar rnetal transition pips joint formed out of a stainless steel or a nickel^base alloy and a 

so zirconi um material or a titanium material is described, and this transition pipe pint can also be manufactured even when 
pure aluminum or an aluminum alloy is used instead of the zirconium material or titanium material. A dissimiiar metai 
transition pipe joint using pure aluminum or an aluminum alloy will now be describe below. 

Fig. 7 is a sectioned front elevation of composite pipe in the secorxj embodiment of the present inventioa and Fig, 
8 is a partially cutaway view in side elevation thereof, ih w^ich figures a reference numeraf 20 denotes an assembled 

25 composite pipe. The compcsite pipe 20 is formed by fitting a cylihdficai:] 

or an aluminum alloy around an outer surface d a cylindrical inner layer member 21 of a stainless steel or a nickel-base 
alloy, and then a cylindrical outer layer member 23 of a stairttess steel or a nickel-base alloy around an outer surface of 
the intermediate layer member 22. Although Ta layers are interposed between the cylindrical layer members in the 
previousiy-desci-lbed first embodiment of Fig> 1 using a zirconium material or aiitaniura material, it is not necessary to 

30 inteipcss Ta layers belw/een the layer membiers of the second embodiment of Fig. 7, since the material, such as pure 
aluminum or an aluminum alloy does not cause an intenrietallio cdmpdund, which gives rise to imperfect bonding of 
layer members, to produce in the surface to be bonded with the material such as a stainless steel or a nickel-base cdkiy. 

Such a composite pipe 20 is sealed at both ends thereof with annular lid members 25, 25 after narrow clearances 
formed between the inner and outer layer members 21 , 23 have been made vacuous (not more than l x 10"'' Torr), 

35 and the pipe 2G is then heated in a heating furnace (ncjt shown), and the heated pipe is sent to a rotary rolling mill. The 
set conditions for a hot rolling operation to be conducted will be described below. 

(1 ) A composite pipe is heated to a temperature in the range from 450°C to 620'C. 

(2) An elongation ratio (length L of the pipe measured after rolling/length Lq thereof measured prior to rolling) is set 
to 1.05-1.25, 

The reason why the upper limit of the heating temperature is set to 620°C is that, when the temperature exceeds 
560°C, the aluminum is melted. Since processing heat occurs during a roiling operation in a rotary rolling mill used in 

^ the present invention, the upper limit of the heating temperature is set to 620°C taking a temperature rise owing to the 
processing heat into consideration. The reason why the lower limit of the heating temperature is set to 450°C is to 
diffusion-bond the layer members at the interfaces thereof during the rolling of !he pipe. V/hen this temperature does 
not reach 450°G, the diffusion bonding of the layer members cannot be done satisfactorily. 

The composite pipe 20 thus heated is rolled by using a rotary rolling mill shown in Figs. 3 io 5. The composite pipe 

^ is drawn at its outer surface while it is helically moved by the .'■oils 1 , 2, S, and turned into a cylindrical clad pipe of a 
predetermined outer diameter at the gorge portions and outlet surfaces. The same rotary' rolling mill and rolling condition 
as with the first embodiment are available also in the second embodiment, so that their explanations are omitted. 

From a clad pips thus manufactured, the whole length ot inner layer member 21 is removed. At one end portion of 
this clad pipe, ail layer members except an intermediate layer member 22 are removed, and, at the other end portion 

ss ihereof , all layer members except an outer layer member 23 are removed, to form a dissimiiar metal transition pipe joint. 
Accordingly, by using this dissimiiar metal transition pipe joint, a pipe of a stainless steel or a niokel-base alloy and a 
pipe of pure aluminum or an aluminum alloy can be connected. 
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Manufacturing Example: 

Transition pipe joint samples were manufactured using the foiiowing materiate and operations. 



5 [Example 1] 

Outer layer member 1 3: 

apipe of SUS 304L, 97.3 mm m outer diameter x 87.0 mm in inner diameter x 300 mm in length, t{wa!t 
thickness)/D(out8r diameter) = 0.053 
?f intermediate layer member 12: 

a pipe of Pure Zr, 86,4 mm in outer diameter X 76,1 mm iii tniier diarineter X 290 mm in length, t/D = 0,06 

Inner layer member 11: 

a pipe of SUS 304, 75,5 mm in outer diameter X 65.2 mm in inner diameter X 300 mrri in length, t/E3 = 0.068 
Tantalum layer 14: 

'5 a foil of Pure Ta, 0,1 mm in thickness X 100 mm in width 



Outer layer member 13: 

a pipe of SUS 304L,, 97,3 mm in outer diameterx S7.0 mm in inner diameter x 300mm In length, VD = 0:053 
intermediate layer member 12; 

a pipe df Ti:-5%Ta, 86.4 mm in outer diartietef X 76:1 mm in innef diametsr X 290 mm in length, t/D = 0.05 
Inner layisr member 11 ; 

a pipe of SUS 304, 75,5 mm in outer diameter X 65,2 mm ih iriner diameter X 300 mm in length, t/D - 0.068 
Tantalum layer 14: 

a foil of Pure Ta, 0,1 mm in thickness X: 100 mm in wdth 
The components of the materials described in Examples 1 and 2 are shov*n iii Tables 1 and 2. 

Table 1 



Table 2 



so 





C 


Fe+O 


Ts 


O 


N 


H 


Hf' 


Ti 


Pure 2s 


0.003 


0.146 




0.123 


0.0017 


O.O0O3 


0.0048 


rest 


Ti- 

5*T» 

aOoy 






4.63 


0.081 


0.005 


aooos 








Ai 


Mb 


Ct 




Pure A3 (1050) 








M sS&y (^52) 


ns 


2S 


0.25 



By using the materials described in Examples l and 2, composite pipe 10 were nanufactured in accordance with 
thefoibwing method. An inner layer member 11, an intermediate layer member 12, an outer layer member 13 and a 
tantalum layer 14 were degreased and washed, and the tantalum iayer 14 was then wound around the inner layer 
member 11 , and the resultant product is inserted into the intermediate layer member 12, The tantalum layer 14 was then 
wound ap3und the interroecfiate layer member 12, and the resultant product was inserted into the outer layer member 
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1 3. Both end portions of the composite pipe thus obtained were sealed with stepped annular lid members 15, 15 (Fig. 
2) in a vacuous condition of 3 X 1 Torr with an electron beam, and then subjected to seal-weiding. The annular lid 
members 15 were formed out of the same material as the intermediate layer member 12. 

s [Example 3] 

Outer layermember 23: 

apipeofSUS304L, 97.3mm in outer diameterX 87.0 mni in toner diameterx 300 mm in fe^^^ 

Intermediate layer member 22: 
10 a pipe of Pure Ai, 86.4 mm in outer diameter >< 76.1 mm in inner diameter X 290 mm in length, t/D 0.06 

Inner layer member 21 : 

a pipe of SUS 304, 75.5 mm in outer diameter X 65.2 mm in inner diameter X 300 mm in length, 1/D - 0,068 
[Example 4} 

15 

Outer layer member 23: 

a pipe of SUS 304L, 97.3 mm in outer diameter x 87,0 mm in inner diameter x 300 mm in: length, t/D = 0.053 
intermediate layer member 22: 

a pipe of Aluminum alley 5052, 8B.4 mm in outer diameter X 76, 1 mm ih innier diameter x 290 mm in length, 

20 i/D = 0,Q5 

Inner layer member 21 ; 

a pipe of SUS 304, 75,5 mm In outer diameter x 65,2 mm in inner diameter x 300 mm in laigth, f/D = 0.068 
The components of the materials described in Example 3 and 4 are shown in Table 1 and 2. 
By using the materials described in Examples 3 and 4, composite pipes ware manufactured in accondance vsrith the 
2S following method. An inner layer member 21, an intermediate layer member 22 and an outer layer member 23 were 
degreased and washed. The Inner layer member 21 was then inserted in the intstmediate layer member 22, and the 
resultant product In the outer layer member 23. Both end portions of the composite pipe thus obtained were sealed with 
stepped annular lid members 25, 25 (Fig, 8:) in a vacuous condition of 3 X 10^ Torr with an electron beam,..and then 
subjected to seal-welding. The annular lid members 25 were formed out of the same material as the inlgrmedlate layer 
30 member 22. 

The composite pipes thus manufacti^red lisihg the materials in Exairriples 1 to 4 were heated and subjected to rotary 
rolling to obtain clad pipes. The rolling conditions used In this operation include; 
cross angle ( V): 3^ , 
feed angle :( p ); 9% 
3S diameter of roll: 210 mm, 

number of revolutions per minute of roll ; 50 rpm, 
maridrel: 52 mm in diameter, if used. 
The rolling operations were carried cut at: a heating temperature of 900° in Examples 1 , and 2, and at 550°C in 
Examples S and 4. The pipes were rolled at various elongation ratios as shown in the rolling pass schedules a-f, in Table 3, 



Table 3 



Symbol 


Pass schedule 


Mandrel 


Elongation ratio 




97.3({i 9270 


not used 




b 


97.3>(> ^ BS Oii) 


not used 


1 .05 




97.3(i) 81,5({i 


not used 


1.25 


d 


97.3$ BO.Oib 


not used 


1.30 


e 


97.3!]>~>87.6$ 


used 


1.10 


f 


97.3f|> 86.4(jj 


used 


1.20 



From each of the clad pipes manufactured using the materials in Examples 1 to 4, the whole length of the inner 
layer member 11 and tantalum layer (in Examples 1 and 2) crthe whole length of the inner layer member21 ( in Examples 
^ 3 and 4) were removed. The outer layer member 13 or 23 alone was left at one end portions of the pipe, and the 
intetmediate layer member 1 2 or 22 alone was left at the other end portion of the pips, to thereby obtain transftion pipe 
joint samples. 
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Determination of bonding strength: 



The bonding strength, i.e. shearing strength of tine transition pipe joint samples was determined by a method sche- 
maticaily sliown in Fig. 9 in which a transition pipe joint sampie manufactured using the materials in Example 1 is ex- 
emplarily illustrated. A specimen 17a is obtained by cutting the length of the outer iayer member 13 of the transition pipe 
joint 17 to a predetermined length h, and reducing the outer diameter of the intermediate layer member 12 to a level 
slightly smaller than that of its original diameter D. Two specimens are prepared with respect to each pipe joint sample. 
A support member 1 8, which is provided with a circular opening having the diameter slightly larger than the outer diameter 
D of the intermediate layer member 12, is disposed so that an end portion of the outer layer member 13 engages an 
edge portion of the opening of the support member 19. A pressing foroa is then applied to the specimen 17a from the 
top side of the intermediate layer member 12 to measure a bad P which causes the intermediateand outer layer members 
1 2, 1 3 to be broken. The measured value of the load P is substituted for P in the equation (I) to caicuiaie a shearing 
strengtti. The resute obtained for two sp&;imens for eacti pipe joint sample are shown in Table 4. 

Sheafirig strength = P/( jc x D x h) (!) 

Table 4 



Symbol 


Shearing strength (f^mm^) 


SUB 304LyZr 


SUS 304LyTi-5%Ta 


SUS 304iJAi(1050) 


SUS 30417^ alloy (5052) 


a 


152 


161 


14S 


154 


30.5 


32.4 


60,2 


68,5 


b 


279 


292 


281 


295 


61 .3 


64.5 


140 


143 


c 


323 


331 


314 


338 


62.5 


68.0 


156 


159 


d 


not rollabie 


not rollabie 


not roiiable 


not rollabie 




302 


31S 


296 


307 


S2.3 


B5.3 


145 


151 


f 


322 


335 


313 


S2S 


sai 


57.7 


149 


156 



From the results shown in Table 4, it is understood thai, with respect to all pipe joint samples, specimens d in which 
the elongation ratio is in excess of 1,25 are unable to be rolled. It is also understood that, in the specimens a in which 
the elongation ratio is 1 ,02, the shearing strength beccmes extremely low as compafed with those of the specimens fa 
in which the elongat ion ratio is 1 . 05. Accordingly, it can be said that, in order to manufacture a dissimilar metal transition 
pipe joint having a high bonding strength, the elongation ratio ia preferably setio not lower than 1,05 and not higher 
than 1.25. 

Determination of bonding ratio in bonded interface: 

From the ciad pipes mariufaotured using the materials in Examples 1 to 4 and in accordance with the pass sch edules 
shown in Tatole 3, the inner layer memfaer 11 or 21 was removed to prepare specimens of doubts layered ciad pipe of 
a predetermined length. These .specimens were subjected to an ultrasonic flaw detecting test to detemnine a bondfeig 
raitio in the bonded Interlace, The flaw detecting conditions are as follows. 



Flaw Detector: 



Probe: 



HISI (manufactured by Japan Krautkramer Bronson K:k.) 
V377 (manufactured by Panametrics K;K.) 



Indicating method: 

Frequency: 30 MHz 

Diameter of vibrator: 0.25 in. 

Focal distance: 2 in. in water 
The whole surface of each clad pipe sample was subjected to measurement. The results show that the specimen 
a had the bonding ratio in the bonded interface of 70-90%, and that the specimens b, e, e and f had the bonding ratio 
in the bonded interface of 100%, Therefore, it can be said that, in order to manufacture a dissimilar metal transition pipe 
joint having a high bonding ratio, the elongation ratio is preferably set to not lower than 1 ,05 and not higher than 1 .25, 
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Rsiationship between t (v/ali thickness) and D (outer dianneter) of outer layer member: 



Transition pipe pint samples were manufactured in the same manner as described above using trie materials of 
Examples 1 to 4 except that outer layer members of various outer diameter as described in the toilowing Examples 5 
5 to 8 were used, rhe rolling conditions for these transition pipe joint samples include an elongation ratio of 1 .20 with a 

mandrel used. 

[Example 5] 

Outer layer member: 

a pipe of SUS 304L, 100 mm m outer diameter X:S7.0 mm in inner diameter x 300 mm in iength, VD - 0.065 

[Example 6] 

?s Outer layer member: 

a pipe of SUS 304L, 103 mm in outer diameter x 87.0 mm in inner diameter x 300 mm in length, t/D =0,078 

[Example 7] 

so Outer layer member: 

a pipe of SUS 304L, 106 mm in outer diameter X 87.0 mm in inner diameter x 300 mm in length, t/D = 0.090 

[Example 8) 

2s Outer layer member: 

a pipe of SUS 304L, 108 mm in outer diameter X 87.0 mm in inner diameter X 300 mm ih tength, t/0 = 0 .097 
As a rGSuil, ail samples in wfiieli pure Zr, Ti^%Ta, pufeaiumihum of an aturtiirium alloy were used forthe intermediate 
layer members in Example 7 having 1/D - 0.090 and Example 8 having t/D = 0.097 were found to have a small number 
C3f uhbdrtded jpoftions between the outer and intermediate layer members. In Example 5 having; t/D = 0,065 and Example 

so 6 having t/D = 0 078, tinlxinded portions did not occur, and the shearing strength of bonded interfaces was substanfialiy 
equal to that of the speqimens f in Table 4. Therefore, it (sin: be said ttiat excellent rolling operations could: be earned 
out in Examples 5 and 6. In view of these facts, it is understood that, in order to manufacture a dissimilar meta) transftion 
pipe joint having a high bonding surface ratio and a high bonding strength, the ratio of the wall thickness t tp the outer 
diameter D of the outer layer member of the composite pipe is preferably set to not hi^er flian 0.08. 

35 

Examination of corrosion resistance: 



In order to examine the corrosion resistance of the transition pipe joint samptas of Exarapfes 1 and 2, semi-circular 
corrosion test specimen 1 7b of 3 mm in width shown in: Fig. 10 was prepared by cutting the bonded portion of the pips 
*5 joint sample along a plane perpendicular to the rolling direction. A reference tetter r in Fig. 1 0 denc*8s the diameter of 
the pipe joint sample. A dissimilar metal transition, pipe joint in which a tantalum layer 1 4 isnot provided was manuiaetured 
as a comparative example of Examples 1 aijd 2, and a Gorrbsion lest specimen was prepared in the same manner as 
mentioned above. 

The measurement of the corrosion resistance of the specimens was conducted as foiiows. A corrosion resistance 
test liquid shown below was heated, and corrosion resistance test specimens 17b were immersed in the test liquid which 
had reached its boiling point, and kept immersed for 120 hairs. The corrosion depth of the bonded interlaces was then 
measured by a cutting microscopic method (500 magnifications). 
Corrcsbn Test Liquid: 

so 8MHNO3 containing Ru3+ 1 mg/1 

Ce3+ 0.5 mg/l 
Fe3 • 200 mg/l 
Gr3+ 50 mg/l 
Ni2*50mg/i. 

55 

The results obtained are shown in Table 5. 
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Tables 



■5 



Cpmbinatipn of materiais 


UsegfTafoii 


Rolling conditions 


Corrosion depth (jxm) 


SUS 304L/Zr 


used 


e 


0, 


0 


not used 




400, 


72000 


SUS 304L/n-5%Ta 


used 


e 


0, 


0 


not used 


e 


350, 


71800 



It is understood from the results shown in Table 5 that corrosion occurs in tiie bonded interfaces in the corrosion 
resistance test specimens in which a tantalum layer 14 is not provided, and that corfosion does not occur in the bonded 
interfaces of the corrosion resistance test specimens of Examples 1 and 2 in wtiich tantalum layers 14 are provided. 
Accordingly, it can be said that the corrosion resistance of a bonded surfaces of a transition pipe joint manufactured by 
using a stainless steel or a nickel-base alloy and a zirconium materia! or a titenium material can be improved by inter- 
posing a tantalum layer between the surfaces to be bondwl. 

In the above-described embodiments, the inner layer member 11 or 21 is removed with respect to the whole length 
of the roiled clad pipe, but the p resent invention is not limited to such a transition pipe joint. A dissirailar metal transition 
pipe joint one end portion of which comprises the inlermediate layer menrjber 12 or 22. and the other end portion of 
which comprises the inner layer member 11 or 2 1 may also be manufactured by rennoving the outer layer member 1 3 
or 23 with respect to the whole length of the clad pipe 

As being apparent from the foregoing, according to the present invention, an outer layer member, an intermediate 
layer men":ber the deformation resistance of which is lower than that of the outer layer member, and an inner layer 
member comprising the same kind ot metal as the outer layer member are fitted in order, and bonded Vi/ith one another 
by rolling. Therefore, the outer and inner surfaces of I'le iriterfTiediale lay Si member can bs bonded excelientiy with the- 
outer and inner layer mernbors by uniformly deforming the intermediate layer member, and a dissimilar metal trarisition, 
pipe joint of a large diameter having a high bonding strength can be manufactured. 



Claims 

1 . A method of manufacturiog a dissimilar metal transition pipe joint both axial end portions of w^ich comprise metal 
pipes formed out of different kinds of metals, characterized in that it comprises the steps of 

fitting together inner and. outer layer members ot a metal pipe of a high deformation resistance and an inter- 
mediate layer member of a metal pipe of a low deformation resistance with said intermediate layer member inter- 
posed between said inner and outer layer members to tfiereby form a composits pipe; 

heating said composite pipe; 

rolling the heated composite pipe at an elcsigation ratio of 1 .05 to 1, 25 by using a rotary rolling miil provided 
with three or four rolls to thsnsby form a clad pipe; 

leaving a portion ctf said outer or inner layer member at one end portion of said clad pipe with the remaining 
layer merribens removed; and 

leaving a portion of said intermediate layer nisniber at the other end portion of said clad pipe with the remaining 
layer msnFjaeiB removed. 

2. A method of manufacturing a dissimilar metal transition pipe joint according toclaim 1, wherein said inner and outer 
layer members are formed out of a stainless steel or a n|ekel-bass alloy, said intermediate layer member is formed 
but of aluminum or an aluminum alloy, and said composite pipe is healest to 450 to 820^G. 

3. A method of .manufacturing a dissimilar metal transition pipe joint both axial end portions of which comprise metal 
pipes formed out of different kinds of metals, characterized in that it comprises the steps of 

fitting together inner and outer layer members of a metal pipe of a high deformation resistance and an inter- 
mediate layer member of a metal pipe of a low defomnation resistance with said intermediate iayer member inter- 
posed between said inner and outer layer members and with tantalum layers interposed between said inner and 
intermediate layer members and between said intermediate and outer layers members to thereby form a composite 
pipe; 

heating said composite pipe; 

foiling the heated composite pipe at an elongation ratio of 1 .05 to 1 .25 by using a rotary rolling mi provided 
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with three or four roils to thereby form: a elad pipe; 

leaving a portion of said outer qr inner layer member at one end jxirtion of said clad pipe with the remainirtg 
layer members removed; and 

leaving a portion of said intermediate layer member at the other end portion of said clad pipe with the remaining 
layer members removed. 

A method of manufacturing a dissimilar metal transition pipe joint according to claim 3. wherein said inner and outer 
layer members are formed out of a stainless steel or a nickel-base alloy said intermediate layer member is formed 
out of a zirconium material or a titanium material, and said ccmpaslte pipe is heated to 800 to 1 200 °C. 

A method of manufacturing a dissimilar metal transition pipe joint according to claim 1 , 2, 3 or 4, wherein said metal 
pipe of said outer layer member has a ratio of a wall thickness thereof toan outer diameter thereof of not more than 
Q.08. 
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FIG. I 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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